Introduction
Rhizocarpon Ramond ex DC. (Rhizocarpaceae) is a genus of c. 200 crustose species with areolate thalli, a usually distinct prothallus, diverse thalline chemistry, innate to superficial lecideine apothecia, mostly anastomosing and conglutinate paraphyses, distinctive 1-8-spored asci and hyaline to greenish black, halonate, ellipsoid ascospores that can be transversely septate or submuriform to densely muriform. Although predominantly free-living, a substantial minority of species are parasitic on other lichens, at least early in their development. The genus is most diverse and abundant on siliceous rocks in montane habitats and at temperate to higher latitudes; it is much rarer or completely absent in the wet and dry tropics and subtropics and in hot-arid regions.
This genus is especially well documented in temperate to boreal Europe and North America (Runemark 1956a, b; Geyer et al. 1984; Clauzade and Roux 1985; Timdal and Holtan-Hartwig 1988; Feuerer 1991; Wirth 1995; Thomson 1997; Brodo et al. 2001; Fryday 2000a Fryday , 2002 Fryday , 2004 Fryday , 2010 Feuerer and Timdal 2004; Ihlen 2004; Fletcher et al. 2009; Golubkov and Matwiejuk 2009) , less so at austral latitudes (Fryday 2000b (Fryday , 2004 Øvstedal and Lewis Smith 2001; Fryday and Kantvilas 2012) . Until recently, only nine species were known from Australia, mainly in Tasmania and southern parts of the Great Dividing Range: the pantemperate and rather common R. badioatrum (Flörke ex Spreng.) Th.Fr., R. geographicum (L.) DC. and R. reductum Th.Fr., along with sparse collections of R. disporum (Nägeli ex Hepp) Müll.Arg., R. distinctum Th.Fr., R. petraeum (Wulfen) A.Massal., R. polycarpum (Hepp) Th.Fr., R. superficiale (Schaer.) Malme and R. viridiatrum (Wulfen) Körb. (McCarthy 2014) . Fryday and Kantvilas (2012) described a new species, R. austroamphibium, from Tasmania and, significantly, highlighted the paucity of Australian species in comparison with the British Isles (39 taxa) and New Zealand (24). They predicted that a careful assessment of unidentified herbarium collections combined with field-work 'would dramatically increase the number of species reported' . In this paper 16 species are documented from southern New South Wales, Victoria, South Australia, southwestern Western Australia and the Australian Capital Territory; two are newly described and a further six are additions to the national flora. Continuing investigations in these areas, and particularly in Tasmania, are likely to further expand the known diversity of Rhizocarpon in Australia.
Chemistry: Rhizocarpon distinctum has been reported to produce stictic acid and accessory gyrophoric acid (Timdal and Holtan-Hartwig 1988; Feuerer 1991; Øvstedal and Lewis Smith 2001; Ihlen 2004; Fletcher et al. 2009 ). In the present study we have found a new chemotype containing norstictic acid, with bourgeanic acid a further accessory substance in this species (Table 1) . Thallus epilithic, determinate, yellow-green to yellow-grey, areolate; areoles 0.3-1.5 mm wide, smooth, plane to moderately convex, aggregated and angular or scattered and more rounded; medulla white, I+ blue-violet or, rarely, I-in part. Prothallus black, distinct between areoles and at thallus margin. Apothecia numerous, usually solitary, black, round to angular, innate between areoles, 0.3-1.5 mm diam.; disc plane to weakly convex; proper margin becoming excluded. Asci 60-80 × 14-18 µm. Ascospores 8 per ascus, dark green to dark brown, 1-septate, broadly ellipsoid, 22-34 × 9-17 µm, rarely simple or with 1 or more additional transverse or oblique septa.
Detailed descriptions are given in and Fletcher et al. (2009) and illustrations are provided in Runemark (1956a, as R. atroalbescens (Nyl.) Zahlbr.).
Chemistry: Previously, this species has been reported to produce rhizocarpic acid together with norstictic or psoromic acids , or with norstictic or bourgeanic acid ). The Australian specimens contained rhizocarpic and bourgeanic acids or rhizocarpic acid alone (Table 1) .
Rhizocarpon eupetraeoides is characterized by its yellow-green to yellow-grey, areolate thallus, the prominent black prothallus, plane to weakly convex apothecia, 1-septate ascospores and, in Australia, by the presence of rhizocarpic and bourgeanic acids. Rhizocarpon adarense and R. superficiale are similar, but differ in having significantly smaller ascospores and a uniformly I-medulla.
Rhizocarpon eupetraeoides is reported here for the first time from Australia; it was collected from montane, siliceous rocks in southern New South Wales. Elsewhere, it occurs in northern Eurasia, North America, Greenland and Japan (Runemark 1956b [as R. atroalbescens] ; Thomson 1997; Fletcher et al. 2009 ). Chemistry. Medulla K-, C-, PD-, UV-; containing rhizocarpic acid (major), ±bourgeanic acid (major) ( Table 1 ).
The most striking feature of the new species is the intense yellow colour of the upper medulla due to the presence of rhizocarpic acid. While R. geminatum can occasionally contain medullary rhizocarpic acid, that lichen has a darker and more robust thallus, larger apothecia, mainly bisporous asci and much larger, muriform ascospores. The north-western North American R. sulphurosum (Tuck. ex Willey) Lendemer also has yellow medulla, but its peltate areoles have a pale margin, it has (1 or)2-spored asci and much larger, 3-septate to muriform ascospores (Feurer and Timdal 2004; Lendemer et al. 2010) . Rhizocarpon superficiale has dark, 1-septate ascospores of similar dimensions to R. flavomedullosum, but the thallus is green-yellow, the areolae are up to 1.5(-2.5) mm wide, containing rhizocarpic and stictic or perlatolic acids (in Australia), and the larger apothecia remain plane to weakly convex with a usually persistent margin ). Although R. flavomedullosum is broadly similar to the newly described R. vigilans (see below) in its thalline and apothecial morphology (see below), the thallus of the latter has larger, paler and plane to convex areoles with a uniformly white, amyloid medulla.
Etymology:
The epithet flavomedullosum refers to the intensely yellowish upper medulla. 
Distribution and habitat:

Rhizocarpon geminatum Körb., Systema Lichenum Germaniae 259 (1855)
Thallus epilithic, determinate, medium to dark grey, areolate; areoles 0.3-0.6(-1.0) mm wide, smooth, plane to strongly convex or almost cushion-like, aggregated and angular or rounded in outline; medulla I-. Prothallus black, distinct between areoles and at thallus margin. Apothecia numerous, usually solitary, black, initially innate between areoles, becoming rather prominent, 0.35-0.90 mm diam.; disc plane to convex, often slightly glossy; proper margin thick, usually persistent, K+ purple-red in section. Ascospores (1-)2(-4) per ascus, dark olive-brown, muriform, narrowly to broadly ellipsoid, 36-50 × 17-25 µm. Detailed descriptions of this species can be found in Feuerer (1991) , Feuerer and Timdal (2004) , and Fletcher et al. (2009) and an illustration in Wirth (1995, p. 810) .
Chemistry: This species has been reported to produce stictic acid and/or norstictic acid, to lack lichen substances or, occasionally, to contain accessory rhizocarpic acid in the medulla (Feuerer 1991; Timdal and HoltanHartwig 1988; Øvstedal and Lewis Smith 2001; Feuerer and Timdal 2004; Fletcher et al. 2009; . We have observed a new chemotype containing only bourgeanic acid as well as the chemotypes with stictic acid and its satellite compounds (constictic, cryptostictic and peristictic acids) or norstictic acid, ±accessory bourgeanic acid (Table 1) .
Rhizocarpon geminatum is characterized by its dark grey convex-areolate thallus, a non-amyloid medulla, innate apothecia, moderately large ascospores usually in 2-spored asci and a variable chemistry.
Reported here for the first time from Australia, it was collected from montane, siliceous rocks in the Australian Capital Territory, in the south and central-west of New South Wales and in alpine Victoria. Elsewhere, it occurs in Europe, Arctic Eurasia, Greenland, Turkey, Central Asia, North America, Bolivia, Argentina, islands in the South Atlantic Ocean, Antarctica and New Zealand (Clauzade and Roux 1985; Timdal and Holtan-Hartwig 1988; Feuerer 1991; Øvstedal and Lewis Smith 2001; Feuerer and Timdal 2004; Fletcher et al. 2009 ). The most common chemotypes contain rhizocarpic and either psoromic or barbatic acids, rarely with accessory bourgeanic acid or gyrophoric acid (Feuerer and Timdal 2004; Fletcher et al. 2009 ). We have discovered two new chemotypes in the present study (Table 1) . Chemistry: Rhizocarpon intersitum has been reported to produce stictic acid or to lack lichen substances (Timdal and Holtan-Hartwig 1988; Fryday 2010) . In Australia it invariably contains gyrophoric acid (Table 1) .
This lichen resembles two other Australian species with grey thalli and dark muriform ascospores, R. disporum and R. geminatum. However, R. intersitum has predominantly 8-spored asci producing smaller ascospores, while the asci of R. disporum and R. geminatum are monosporous and predominantly bisporous, respectively. Moreover, those lichens have a more complex and varied thallus chemistry, but they lack the gyrophoric acid of R. intersitum (Table 1) . Rhizocarpon austroamphibium, an endemic and montane-aquatic species from Tasmania, also contains gyrophoric acid, but it has a smooth thallus, innate white-margined apothecia, mainly 2-4-spored asci, larger ascospores and anomalous simple paraphyses. Superficially, R. intersitum resembles the northern-temperate to boreal R. grande (Flörke) Arnold, another species that commonly contains gyrophoric acid. However, R. grande usually has an I+ blue medulla (although this reaction is sometimes rather weak or even absent), a K+ red epihymenium, and somewhat larger ascospores, 24-46 µm long. While the distinction between these two species is not clear-cut, we prefer to assign the Australian material to R. intersitum pending a detailed reassessment aided by molecular analyses.
Reported here for the first time from Australia and the Southern Hemisphere, R. interstitum is rather common on exposed alpine siliceous rocks in the Australian Capital Territory, southern New South Wales, Victoria and Western Australia. It was previously known from south-western and north-eastern U.S.A., Scotland, Scandinavia and Central Europe (Clauzade and Roux 1985; Timdal and Holtan-Hartwig 1988; Fryday 2010 (2004) .
Chemistry: Research has shown that this species invariably lacks lichen substances (Feuerer 1991; Ihlen 2004; Fletcher et al. 2009; Joshi et al. 2010; Timdal and Holtan-Hartwig 1988) , and this is also true of the Australian specimen examined (Table 1) .
Rhizocarpon lavatum is characterized by the pale grey to pale brown, rimose to areolate thallus, a non-amyloid medulla, rather large and sometimes umbonate apothecia with a thick, swollen margin, moderately large, colourless, muriform ascospores with numerous septa and in lacking lichen substances. Reported here for the first time from Australia, it was collected from montane, siliceous rocks in southern New South Wales. Elsewhere, it is known from the British Isles, continental Europe, Scandinavia, Svalbard, the Ukraine, North America, North Africa, East Asia and New Zealand (Timdal and Holtan-Hartwig 1988; Feuerer 1991; Ihlen 2004; Fletcher et al. 2009; Joshi et al. 2010 ). Detailed descriptions of this species can be found in : illustrations in Wirth (1995, p. 815); Brodo et al. (2001, p. 636); Fletcher et al. (2009) .
Chemistry: This species contains rhizocarpic and stictic acids, with or without accessory gyrophoric acid (Timdal and Holtan-Hartwig 1988; Fletcher et al. 2009 ). However, bourgeanic acid is common in Australian specimens, either as an accessory substance to stictic acid or co-occurring with rhizocarpic acid (Table 1) .
Rhizocarpon lecanorinum is characterized by the yellow, crescent-shaped areoles often enclosing prominent apothecia, a pale olive-brown to red-brown epihymenium and usually pale green hymenium, greenish to brown-black, submuriform ascospores. It is chemically distinct from R. geographicum as it lacks psoromic, 2'-O-methylperlatolic or barbatic acids. Reported here for the first time from Australia, it was collected from montane, siliceous rocks in the Australian Capital Territory and Victoria. Elsewhere, it is known from the British Isles, continental Europe, Scandinavia, the high Arctic, Turkey, Macaronesia, southern Africa, Central Asia, China, North America and New Zealand (Runemark 1956b; Timdal and Holtan-Hartwig 1988; Fletcher et al. 2009 ). Chemistry: Reported to produce only stictic acid or to lack lichen substances (Timdal and Holtan-Hartwig 1988; Øvstedal and Lewis Smith 2001; Fletcher et al. 2009) or to contain norstictic and stictic acids (Feuerer and Timdal 2004) , the Australian specimens either lacked lichen substances or contained bourgeanic acid, the latter a new chemotype of this species (Table 1) . The very closely related R. postumum (Nyl.) Arnold, from northern Europe and New Zealand, contains only stictic acid and its satellites, and it has smoother apothecial discs and smaller, submuriform ascospores (Ihlen 2004; Fletcher et al. 2009 ). Because we have observed a continuum of ascospore septation from submuriform to eumuriform and variation in the roughness of the disc (see Fryday 2002), we have not attempted to segregate these species in Australia.
Chemistry: Rhizocarpon reductum has been reported with stictic acid or lacking lichen substances (Timdal and Holtan-Hartwig 1988; Feuerer and Timdal 2004; Fletcher et al. 2009 ), or containing stictic and norstictic acids (Feuerer and Timdal 2004; Fletcher et al. 2009 ). The most common chemotype in Australia contains both hypostictic and stictic acids as major substances along with associated satellite compounds (constictic, cryptostictic, menegazziaic and peristictic acids), but additional chemotypes comprising gyrophoric and bourgeanic acids, or bourgeanic acid alone were also seen (Table 1) . Chemistry: Medulla K-, C-, PD-, UV-; containing bourgeanic acid (major), ±norstictic acid (trace), ±protolichesterinic acid (trace) ( Table 1) .
Rhizocarpon vigilans is characterised by the grey thallus with comparatively large, plane to moderately convex areoles containing bourgeanic acid, an I+ blue medulla, convex apothecia that become immarginate, and asci containing 8 grey-green to dark brown, 1-septate ascospores. The bipolar R. polycarpum is similar, but the apothecia are persistently plane and marginate, the epihymenial reagion is K+ purple and the ascospores remain colourless until maturity (although post-mature propagules commonly darken as they collapse). Rhizocarpon flavomedullosum (see above) has smaller, plane to slightly concave areoles, more convex apothecia, and a yellowish non-amyloid medulla containing rhizocarpic acid. Furthermore, while dark 1-septate ascospores are also produced by the mainly boreal R. copelandii (Körb.) Th.Fr., the latter has a non-amyloid medulla and thalline chemistry dominated by norstictic acid or stictic acid (Timdal and Holtan-Hartwig 1988; Fryday 2000b; Fletcher et al. 2009 ). Finally, R. simillimum (Anzi) Lettau, a Northern Hemisphere species recently added to the lichen floras of the Falkland Islands and New Zealand (Fryday and Øvstedal 2012) , has an amyloid medulla and brown 1-septate spores. However, the latter are only 12-16 × 6-8 µm, and the epihymenium and exciple are K+ purple-red.
Etymology:
The epithet vigilans is the Latin for watchful or vigilant, in reference to the type locality, Sentry Box Mountain.
Distribution and habitat:
The new species grows on granite boulders and outcrops on mountain tops in the southern A.C. 
